In this study, marine tunicate Styela clava hydrolysate was produced by an environment friendly and green technology, pressurized hot water hydrolysis (PHWH) at different temperatures (125-275°C) and pressure 50 bar. A wide range of physico-chemical and bio-functional properties such as color, pH, protein content, total carbohydrate content, reducing sugar content, and radical scavenging activities of the produced hydrolysates were evaluated. The appearance (color) of hydrolysates varied depending on the temperature; hydrolysates obtained at 125-150°C were lighter, whereas at 175°C gave reddish-yellow, and 225°C gave dark brown hydrolysates. The L* (lightness), a* (red-green), and b* (yellow-blue) values of the hydrolysates varied between 35.20 and 50.21, −0.28 and 9.59, and 6.45 and 28.82, respectively. The pH values of S. clava hydrolysates varied from 6.45 (125°C) to 8.96 (275°C) and the values were found to be increased as the temperature was increased. The hydrolysis efficiency of S. clava hydrolysate was ranged from 46.05 to 88.67% and the highest value was found at 250°C. The highest protein, total carbohydrate content, and reducing sugar content of the hydrolysates were found 4.52 mg/g bovine, 11.48 mg/g and 2.77 mg/g at 175, and 200 and 200°C, respectively. Hydrolysates obtained at lower temperature showed poor radical scavenging activity and the highest DPPH, ABTS, and FRAP activities were obtained 10.25, 14.06, and 10.91 mg trolox equivalent/g hydrolysate (dry matter basis), respectively. Therefore, S. clava hydrolysate obtained by PHWH at 225-250°C and 50 bar is recommended for bio-functional food supplement preparation.
Background
Marine resources are generally considered as health beneficial due to richness in wide range of biofunctional compounds. Recently, researchers investigated on the extraction of many bioactive compounds from various marine animals, including tunicate Styela clava (Donia and Hamann 2003) . S. clava is a marine organism geographically distributed to Northwest Pacific (including Korea), northern Europe, North America, and Australia (Jumeri and Kim, 2011) . It is an important mariculture species used as a popular food in Korea (Ko and Jeon 2015) . The protein, lipid, carbohydrate and ash content of the flesh tissue of S. clava was reported 67. 80, 6.54, 16.77, and 7 .05% (dry basis), respectively (KO et al. 2012a) . Several studies on S. clava have pointed out various bioactivities including anti-oxidative (Lee et al. 2010) , anti-inflammatory (Xu et al. 2008) , anticancer (Kim et al. 2006) , antihypertensive (KO et al. 2012a; KO et al. 2012b) , and hepato-protective effects (Xu et al. 2008; Jumeri and Kim, 2011) .
Oxidation reaction in living organisms is unavoidable which generates hydrogen peroxide (H 2 O 2 ), singlet oxygen ( 1 O 2 ), superoxide radicals (O 2• − ), and hydroxyl radicals (OH•), which are commonly known as reactive oxygen species (ROS) (Wang et al. 2006) . Those ROS generated from energy metabolism, stress, exogenous chemicals, or in the food systems are able to oxidize biomolecules of the cell components and cause destructive and irreversible damages (Prasad et al. 2010) . The primary target site of the degradation process is the DNA, proteins, cell membranes, and vital cellular constituents which induce fatal physiological disorders including atherosclerosis, muscular dystrophy, rheumatoid arthritis, neurological dysfunctions, cataracts, cancer, and aging (Valko et al. 2004) . Imbalance between ROS and ingested antioxidant molecules severely cause oxidative stress (Kang et al. 2017) . In taking of antioxidant compounds may neutralize those ROS and guard body system from the problems. Additionally, ROS leads to rancidity, breakdown, and toxicity of functional biomolecules of food components, thus rendering qualitative degradation of foods. Peptides obtained from the breakdown of animals and plant proteins have been found to exhibit various bio-functional activities. Usually peptides are inactive when staying intact with parent proteins (Matsui et al. 2002) and exhibit various bio-functional activities once liberated, depending on their compositional, structural, and sequential properties. Hydrolysis is important for chemical decomposition in which the compounds are spitted into smaller compounds by reacting with water. Hydrolysis of protein under controlled condition generates peptides, and thus the functional properties of a protein is improved (Fujimoto et al. 2012) . So, a proper hydrolysis technique at suitable and optimum conditions plays an important role in industrial bio-functional food preparations. Present hydrolysis methods used in the industries such as chemical (acid, alkali, or catalytic) hydrolysis and enzymatic hydrolysis have several drawbacks. Violent reaction conditions, removal of chemicals from the products, and environmental pollution are the primary disadvantages of chemical hydrolysis. High operation cost and long production cycle make enzymatic hydrolysis inconvenient in industrial application. On the contrary, pressurized hot water extraction can provide a new dimension in hydrolytic reactions. Pressurized hot water extraction is done by boiling water at 100 to 374°C under pressure (10 to 60 bar) to keep the water in a liquid condition (Saravana et al. 2016a) . It is considered as environment friendly green technique which offers high extraction yield (Özel and Göğüş 2014) . A number of physical and chemical changes in water at sub-critical conditions, especially in hydrogen bond, dielectric constant, ion product, etc. facilitate reactions of organic compounds and generate many valuable materials (Yoshii et al. 2001; Laria et al. 2004; Tomita and Oshima 2004; Yagasaki et al. 2005) . For example, the dielectric constant of water at room temperature is 80, which can be changed to 27 by heating at 250°C, but the liquid state can be maintained by manipulating pressure (Carr et al. 2011) . Hydrolysis in subcritical water is environment friendly technology as it is free of environmental pollution (Cheng et al. 2008) . At present, sub-critical water hydrolysis attracted attention for hydrolysis and conversion of biomass to useful compounds (Kruse and Gawlik 2003; Bicker et al. 2005; Uddin et al. 2010) . Sub-critical water hydrolysis does not use organic solvents which ensures great advantages as organic solvents used in any process operation must be recycled, deposited, or incinerated resulting in a non-aggressive waste to the environment. Moreover, sub-critical water hydrolysis does not require biomass pretreatment; it is fast, generates lower residue, and presents lesser corrosion than conventional methods (Zhao et al. 2012) .
Several studies of the bioactivities of S. clava, have been carried out previously which employed chemical hydrolysis, enzymatic hydrolysis, and solvent extraction methods, but there is no report regarding the hydrolysates of S. clava obtained by pressurized hot water extraction. The main objective of the study was to produce S. clava hydrolysate by pressurized hot water extraction at different temperature and pressure to optimize suitable conditions of hydrolysate regarding physical parameters (color and pH) and bio-functional activities (reducing sugars, antioxidants, and antihypertensive).
Methods

Chemicals and reagents
2,2-azinobis-3ethylbenzothiazoline-6-sulphonic acid (ABTS), 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,4,6-tripyridyl-s-triazine (TPTZ), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MI, USA). Iron (III) chloride 6-hydrate (FeCl 3 .6H 2 O), sodium acetate (C 2 H 3 NaO 2 .3H 2 O) acetic acid (C 2 H 4 O 2 ) were purchased from Merck (Darmstadt, Hessen Germany). All other reagents used in this study were of high-performance liquid chromatography (HPLC) or analytical grade.
Sample collection and preparation
Fresh, solitary Mideodeok (S. clava) was purchased from a local market in Gosung, Gyoungnam Province, Korea. Upon arrival at the laboratory the samples were immediately dissected and rinsed with tap water to remove the contaminants and then the tunics were separated from the muscle and frozen at −40°C. The frozen samples were freeze dried at −113°C for about 72 h then freezedried sample was milled using mechanical blender and sieved to pass 710 μm sieve, filled in airtight plastic bag and kept in refrigerator at −40°C until needed for further analysis.
Pressurized hot water hydrolysis (PHWH)
The PHWH was performed in a 200-cm 3 batch reactor made of 276 Hastelloy with temperature control (Fig. 1) . Freeze-dried S. clava powder and water (1:30 w/v) was loaded into the reactor. Then the reactor was closed and heated using an electric heater to the required temperature (125-275°C) and pressures of 50 bar. The temperature and pressure in the reactor were controlled using a temperature controller and pressure gauge, respectively. The sample was stirred using a four-blade stirrer at 150 rpm. The reaction time was recorded after the set temperature and pressers were achieved and it was 5 min for each condition. After the end of the reaction, the hydrolysate samples from the reactor were collected and filtered using Whatman nylon membrane filter (0.45 μm) lyophilized and stored at 4°C until needed for analysis. The hydrolysis yield was calculated using the following reaction: To compare the PHWH, a control was kept by having a room temperature extraction for 18 h with the same ratio and after the extraction process, same process was carried out as before for the PHWH extracts.
Protein content
The protein content of the soluble product was analyzed by Lowry's assay (Lowry et al. 1951 ), using bovine serum albumin (BSA) as a standard.
Total carbohydrate content
The total carbohydrate content was determined by using anthrone reagent following the method reported by Carroll et al. (1956) .
Reducing sugar content
The reducing sugars content was analyzed by dinitrosalicylic (DNS) colorimetric method (Miller 1959) , using D-glucose as a standard. For each of the 3 ml of the sample, 3 mL of DNS reagent was added. The mixture was then heated in boiling water for 5 min until the redbrown color developed. Then, 1 mL of 40% potassium sodium tartrate (Rochelle salt) solution was added to stabilize the color, after which the mixture was cooled to room temperature in a water bath. The absorbance was then measured with a spectrophotometer at 575 nm.
Antioxidant activity analysis DPPH radical scavenging activity
The stable free radical scavenging activity was determined by DPPH• assay according to the method of Thitilertdecha et al. (2008) . One mL of 60 mM DPPH• solution in ethanol was mixed with 3 mL of sample at different concentrations. The control consisted of 1 mL of DPPH• solution and 3 mL of ethanol. The mixture was incubated at room temperature for 30 min, and the absorbance was measured at 517 nm. The ability to scavenge DPPH radicals was calculated as the DPPH• scavenging by the following equation:
where A0 is absorbance of the control and A1 is the absorbance of the mixture containing the sample. Trolox were used as positive control.
ABTS + radical cation scavenging activity
ABTS
•+ radical scavenging activity was determined according to the modified method of Re et al. (1999) . ABTS• + was produced by reacting 7 mM aqueous ABTS• + solution with 2.45 mM potassium persulfate in the dark at room temperature for 16 h and was used within 2 days. The ABTS• + solution was diluted with ethanol to an absorbance of (0.70 ± 0.02) at 734 nm. One mL of diluted sample was mixed with 3 mL of diluted ABTS• + solution. The mixture was then allowed to stand for 20 min at room temperature, and the absorbance was immediately recorded at 734 nm. Standard curve was constructed using standard concentrations of Trolox.
The FRAP assay
The FRAP (ferric reducing antioxidant power) assay was done according to Benzie and Strain (1996) with some modifications. Briefly, acetate buffer 300 mM (pH 3.6) was prepared by mixing 3.1 g of C 2 H 3 NaO 2 .3H 2 O and 16 mL C 2 H 4 O 2 in 1 L deionized water, 10 mM TPTZ (2, 4, 6-tripyridyls-triazine) in 40 mM HCl; 20 mM FeCl 3 .6H 2 O. Working FRAP reagent was prepared as required by mixing 25 mL acetate buffer, 2.5 mL TPTZ solution, and 2.5 mL FeCl 3 .6H 2 O solution. The standard curve was linear between 5 to 500 μg/mL Trolox. 
Statistical analysis
Statistical analysis was performed using SPSS (Version 20 for windows, IBM, Chicago, IL, USA).
Results and discussion
Color and pH of hydrolysates
The appearance of S. clava hydrolysates attained by PHWH process varied depending on the usage of various temperature (Fig. 2, Table 1 ). The brown color of extracts was more intense at higher treatment temperatures. Extracts obtained at 125 and 150°C were light white, whereas extracts prepared at 175°C were reddish-yellow. Hydrolysate obtained at higher temperatures progressively became brownish-yellow, and the 225°C hydrolysate was dark brown, while the control (25°C) showed a pale white color. The pH of the obtained S. clava hydrolysate was measured and values were shown in the Table 1. The pH values were varied from 6.45 (125°C) to 8.96 (275°C) in the S. clava hydrolysate and the values were found to be increased as the temperature was increased. Initially, the pH was 6.45 for lower temperature, when the temperature increased the pH reduce to 5.04 at 200°C. After that the pH gradually increased as the temperature increases. The pH is increased at the high temperature due to the formation of the salts and degradation of the all the matters. The low pH is a result of sugars degradation into organic acids and these organic acids react in chain, providing the acidity for speeding up the subsequent reactions as an autocatalytic process (Sasaki et al. 1998) .
Color is a very important quality parameter in food industry. As respects to color coordinates (Table 1) lightness (L*) values ranged from 35.20 to 50.21 for different condition of the hydrolysates. High lightness is due to the pigments presence and some hygroscopic substances are increase, when a sample is treated thermally and its lightness value is increased. The coordinates a* (red-green) showed values ranged from −0.28 to 9.59 while for the coordinate b* (yellow-blue) the values ranged from 6.45 to 28.82.
Hydrolysis efficiency
The conditions used in PHWH ranged from 125 to 275°C with a reaction time of 5 min and pressure was maintained 50 bar for all the conditions. The product obtained after reaching room temperature was normally a mixture of water and solids sorted in a matrix consisting of two layers due to precipitation of particles after extraction. The upper layer comprised of a less viscous aqueous solution with very low turbidity, while the lower layer was predominantly wet S. clava residue. The aroma of the hydrolysate was somehow toasty for lower temperature conditions when the temperature is increased the aroma was turned to be a pungent. This change in aroma with increasing temperature was also reported by Saravana et al. (2016a) for hydrolysates of Saccharina japonica using PHWH. The hydrolysis efficiency of S. clava hydrolysate ranged from 46.05 to 88.67% (Fig. 3) , while the control (25°C) showed a extraction yield of 40%. In the present study, it is shown that hydrolysis efficiency for S. clava hydrolysate increased consistently with increasing temperature. This was considered by improved mass transfer rate, increase in solubility of the analytes, and decrease in solvent viscosity and surface tension that take place due to increasing temperature and pressure under subcritical conditions (Herrero et al. 2015) . Previous work by Asaduzzaman and Chun (2014) with Scomber japonicus using the same PHWH apparatus reported similar results for hydrolysis efficiency. Thus, increasing temperature and pressure conditions facilitate deeper penetration of solvent into the sample matrix which enhanced greater surface contact and improved mass transfer to the solvent. PHWH technique has been adapted for various biomasses, including proteins, carbohydrates and fatty acids, and the yield and form of hydrolysate differ depending on the reaction conditions, including the original source, particle size, temperature, pressure, hydrolysis time, etc. (Rogalinski et al. 2008) . While it has been reported that the hydrolysate yield and form change can be affected by temperature, pressure, and hydrolysis time, few studies have reported that the hydrolysate yield can be altered by use of different particle sizes (Toor et al. 2011) .
Total protein, total carbohydrate, and reducing sugar content
Total protein for S. clava hydrolysate increased from 125 to 175°C but decreased slightly as temperature increased further (Fig. 4) . Watchararuji et al. (2008) stated that protein content improved with a raise in temperature up to 220°C for rice bran by PHWH. Generally, the rise in protein content with increasing temperature in PHWH is due to a change in polarity of water in the subcritical region. According to Thiruvenkadam et al. (2015) , the increase in dielectric constant and the decrease in density (1 g/cm 3 at 25°C to 0.75 g/m 3 at 300°C) compared to ambient conditions consequently enable hydrocarbons to become more water soluble. This is characterized by breakdown of hydrogen bonding in the water molecules which changes the polarity of water in the subcritical region from complete polarity to moderately non-polar. This condition tends to enhance the attraction of water towards non-polar hydrocarbons thus increases miscibility and enhances hydrocarbon solubility in water. However, the decrease of proteins after 250°C was most probably due to denaturing as a result of exceedingly high temperatures. Actually, proteins can be denatured by heat when their resistance to thermal denaturation capacity is exceeded (Haque et al. 2016 ). Thus, this study showed that the best condition for utilizing proteins from S. clava by PHWH is around 175°C with a high yield of 4.24 mg/g. These observations suggest that proteinaceous substances are the main components in the extracts obtained at higher temperatures. However, the decrease of protein content at 220 and 240°C suggested that at these temperatures degrade the proteins and the generation of small components, Fig. 3 Effect of temperature on hydrolysis yield of S. clava Fig. 4 Protein, total carbohydrate, and reducing sugar content of S. clava hydrolysates such as organic acids, were produced (Saravana et al. 2016b) .
The highest yield of total carbohydrate content was obtained at 200°C, after that the composition was gradually decreased as the temperature increases. At 200°C the total carbohydrate content was 11.48 mg/g (Fig. 4) . Recent report says the total carbohydrate content in the S. clava can be altered throughout the season and it was found high in March with a range from 21.6 to 25.9% ). The highest yields for reducing sugar were recovered at condition 200°C (Fig. 4) . All sugars were higher at milder conditions but decreased gradually as temperature and pressure increased. Quitain et al. (2002) stated that the reducing sugar content was dropped as the temperature and reaction time increases and this is perhaps due to the degradation into other products such as ketones/aldehydes, and it could lead to produce the organic acids. Therefore, PHWH treatment without acid or base catalyst is a promising step towards bioethanol production.
Antioxidant activities DPPH radical scavenging activity DPPH, can easily undergo reduction by an antioxidant and it is a stable radical with a maximum absorbance at 517 nm. Liu et al. (2010) and Peng et al. (2009) stated that DPPH a proton-donating can change color from purple to yellow by scavenging the substance (H + ) and the absorbance is reduced. All hydrolysates effectively showed DPPH activity (Fig. 5a ). The decline of DPPH in the incidence of the S. clava hydrolysates shows that mixed peptide/amino acids were capable of reducing DPPH apparently by combination the odd electron of the DPPH radicals. The DPPH assay was expressed in terms of trolox equivalent and the high antioxidant activity was found at 225°C (Trolox equivalent 10.20 mg/g sample) after that the activity was decreased. From the obtained results, S. clava hydrolysate has the capability to efficiently reduce DPPH radical, which shows that the hydrolysates are good antioxidant compounds with radical scavenging activity. No DPPH activity was found for control extract. Wu et al. 2003 distinguished that for mackerel hydrolysates, DPPH scavenging activity enriched progressively with increasing hydrolysis time. During hydrolysis, a varied amount of smaller peptides and free amino acids are produced, depending upon the temperature conditions. The changes in size, composition of amino acids can have an effect in the antioxidant activity (Wu et al. 2003) . Earlier studies have shown that high DPPH or other radical scavenging activities of protein hydrolysates or peptides are frequently related with vastly hydrophobic amino acids or overall hydrophobicity (Li et al. 2008) .
ABTS
•+ ABTS antioxidant activity was found to be increased as the temperature increases, S. clava hydrolysate showed high antioxidant activity at 275°C and the amount of ABTS
•+ antioxidant was ranged from 0.86-14.06 mg/g Trolox equi (Fig. 5b) , for the control extract a very low activity was found. The alterations in ABTS •+ scavenging activity between the hydrolysates valor due to the changes in sequence length and amino acid composition. Normally, every hydrolysate which consists of proteins that can act as hydrogen donors and react with radicals, altering them into more stable products and thereby ending the radical chain reaction. Free radical reducing has been described to have the chief antioxidative mechanism of peptides due to amino acids such as Ala, Tyr, and Leu. Even though protein hydrolysates were the key point of this work, other substances in S. clava, such as phenolics, might have extracted together with protein and that could have contributed to the antioxidant activity of the crude hydrolysates (Jumeri and Kim, 2011) .
FRAP
The FRAP assay is a rapid, simple, dependable and inexpensive method extensively used in most of the research laboratory where antioxidant capacity measurement is carried out (Apak et al. 2007 ). The FRAP of the S. clava hydrolysate was measured as the ability to reduce Fe 3+ to Fe 2+ , which indicated the capacity of antioxidants to donate an electron or hydrogen, and an increase in absorbance at 700 nm indicated greater reducing power. As showed in Fig. 5c, 225°C hydrolysate showed a high FRAP absorbance of 10.91 mg/g. No antioxidant activity was found using FRAP test for control extract.
The FRAP result indicates that antioxidant activity increases as the temperature increases after 225°C the activity decreased gradually. Many studies reported that protein hydrolysates from other sources possessed strong FRAP. Fish protein hydrolysates from smooth hound muscle protein and yellow stripe trevally were reported to have FRAP values of 0.60 at 2.0 mg/g and 0.52 at 3.6 mg/g, respectively (Bougatef et al. 2009; Klompong et al. 2007 ). Additionally, only one research for the FRAP of abalone viscera hydrolysates by alkali protease, papain, neutral protease, pepsin, and trypsin was reported by Zhou et al. (2012) , and abalone viscera hydrolysates exhibited the FRAP value of below 0.90 at 10.0 mg/g.
Conclusions
The results of this study indicate that temperature has great influence on the physico-chemical and biofunctional properties on the PHWH of S. clava. The highest DPPH and FRAP activities were obtained in the hydrolysate at 225°C, while ABTS activity showed highest activity at 275°C. The highest protein, total carbohydrate, and reducing sugar content of the hydrolysates were found at 175, 150, and 200°C, respectively. So, PHWH of S. clava at 225°C and 50 bar can produce high antioxidant activity. Therefore, PHWH have the potential to produce functional compounds from S. clava, which can be used as antioxidant supplement in food industry.
Abbreviations ABTS: 2,2-azinobis-3ethylbenzothiazoline-6-sulphonic acid; DPPH: 2,2-diphenyl-1-picrylhydrazyl; FRAP: Ferric reducing antioxidant power; PHWH: Pressurized hot water hydrolysis; TPTZ: 2,4,6-tripyridyl-s-triazine; Trolox: 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
